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@ Voltage converting circuit and multiphase clock generating circuit used for driving the same.

@ A voltage converting circuit of the charge pump FIGURE 1
step-up type includes a first circuit means for charg-
ing each of first and second capacitors with the
voltage of a voltage source at a first timing. A
second circuit operates to serially connect the
charged first capacitor between a positive electrode
of the voltage source and a positive voltage output
terminal at a second timing so that a positive voltage
which is a double of the voltage source voltage, is
supplied from positive voltage output terminal. A
third circuit operates to the charged first and second
capacitors in series between a ground terminal and a
negative voltage output terminal at a third timing so
that a negative voltage which is a double of the
voltage source voltage, is supplied from the negative
voltage output terminal. Since the positive voltage
and the negative voltage are generated indepen-
dently of each other, a voltage variation on one of
the positive and negative voltage output terminals
caused by an external load causes no voltage vari-
ation on the other of the positive and negative voli- S:
age output terminals. 18
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Background of the Invention
Field of the invention

The present invention relates to a voltage con-
verting circuit and a multiphase clock generating
circuit used for the same, and more specifically to
a charge-pump type voltage converting circuit for
generating a large positive and negative voltage
from a single voltage source, and a multiphase
clock generating circuit for driving the charge-
pump type voltage converting circuit.

Description of related art

In the prior art, various voltage converting cir-
cuits and multiphase clock generating circuits used
for the voltage converting circuits have been
known. The voltage converting circuits can be clas-
sified into a step-up circuit and a step-down circuit.

(1) Step-up Voltage Converting Circuit

Conventionally, in order to obtain from a single
voltage source a positive or negative output voltage
having the magnitude larger than a voltage source
voltage, the step-up voltage converting circuit has
been widely used in a voltage supply circuit for
RS-232C driver/receiver IC (integrated circuit) and
others. Some typical examples of the conventional
step-up voltage converting circuit are disclosed in
US Patents 4,777,577, 4,897,774, 4,999,761,
4,807,104 and 4,812,961. The step-up voltage con-
verting circuits shown in these US patents are
configured to be operated with a 2-phase clock,
and is constructed of a so-called switched capaci-
tor circuit type.

For example, the conventional step-up voltage
converting circuit disclosed in Figure 1A of US
Patent 4,777,577 includes a step-up circuit part for
generating a voltage which is a double of a voltage
source voltage so that a doubled voltage is output-
ted from a positive voltage output terminal 40, and
an inverting circuit part for generating an inverted
voltage having the same magnitude as the doubled
voltage so that the inverted doubled voltage is
outputted from a negative voltage output terminal
38.

However, when the positive voltage output ter-
minal 40 is connected to a large load which causes
a voltage of positive voltage output terminal fo
drop, a voltage of a positive reservoir capacitor 22
and a voltage of an inverting capacitor 24 cor-
respondingly drop. Namely, the absolute value of
the voltage of the negative voltage output terminal
38 becomes small, with the result that another
circuit connected to the negative voltage output
terminal 38 becomes unable to maintain a stable
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operation. In addition, since variation in the voltage
of the positive voltage output terminal 40 causes
variation in the voltage of the negative voltage
output terminal 38, if a voltage supply circuit is
constituted of this step-up circuit, the variation of
the output voltage becomes double, with the result
that an overall system including the voltage supply
circuit therein has a remarkably lowered reliability.

Furthermore, the conventional step-up circuit
can generate a pair of positive and negative vol-
tages such as *2Vpp or *3Vpp, which have the
same absolute value and which have the mag-
nitude that is integer times the voltage source
voltage. However, it is sometimes required to sup-
ply positive and negative biasing voltages having
different absolute values, for example, +3Vpp and
-2Vpp, as in a bias voltage generating circuit for a
CCD (charge coupled device) driver IC. For this
application, the conventional step-up circuit cannot
be used.

(2) Step-down Voltage Converting Circuit

Conventionally, the step-down voltage convert-
ing circuit has been used for obtaining from a
single voltage source a positive or negative output
voltage having the magnitude smaller than a volt-
age source voltage. If this step-down circuit is
incorporated on a printed circuit board, it is or-
dinary cases to use a three-terminal voltage regula-
for or a switching regulator using a solenoid. The
three-terminal voltage regulator has to be imple-
mented in a bipolar process, and has a large loss
in its output stage transistor. On the other hand, the
switching regulator has a loss smaller than that of
the three-terminal regulator, but inevitably has a
large scale since the solenoid must be incorpo-
rated.

Under this circumstance, in the case of incor-
porating a step-down circuit in a CMOS (com-
plementary metal-oxide-semiconductor) integrated
circuit, a switched capacitor type step-down circuit
has been used which is highly compatible with a
CMOS integrated circuit manufacturing process
and which has less loss. One typical example of
the conventional switched capacitor type step-down
circuit is shown in Journal of Japan Society of
Electronics and Communication Engineers, 83/8,
Vol. J66-C, No.8, pp576-583.

This step-down circuit includes a reservoir ca-
pacitor connected between a positive voltage out-
put terminal and a ground terminal, and a transfer
capacitor having the same capacitance as that of
the reservoir capacitor. During a first phase, these
capacitors are connected in series between a posi-
tive electrode and a negative electrode of a voltage
source, so that each of the capacitors is charged fo
a half of the voltage of the voltage source, and



3 EP 0 585 925 A2 4

therefore, the half of the voltage source voltage is
outputted from the positive voltage output terminal.
During a second phase complementary to the first
phase, the capacitors are separated from the volt-
age source but connected in parallel to each other,
so that the voltage of the positive voltage output
terminal is maintained at the half of the voltage
source voltage.

However, this conventional step-down circuit
cannot give positive and negative voltages having
their absolute value which is a half of the voltage
source voltage.

For example, it may be considered to add an
inverting circuit which inverts the voltage on the
positive voltage output terminal so as to supply a
negative voltage having the same magnitude as the
voltage of the positive voltage output terminal. This
modification can surely give positive and negative
output voltages, however, when the voltage of the
positive voltage output terminal varies due to influ-
ence of an external load, the output voltage of the
inverting circuit connected to the positive voltage
output terminal correspondingly varies, with the re-
sult that an external circuit connected to the invert-
ing circuit may cause a malfunction. In addition, if a
voltage supply circuit is composed of the step-
down circuit having the added inverting circuit, the
voltage variation on the positive voltage output ter-
minal directly becomes the voltage variation on a
negative voltage output terminal, and therefore, the
voltage variation of the voltage supply circuit is
doubled. Accordingly, reliability of the voltage sup-
ply circuit remarkably lowers.

(3) Multiphase Clock Generating Circuit

Conventionally, multiphase clock generating
circuits have been used with a switching-element
containing circuit such as the switched capacitor
step-up circuit, the switched capacitor step-down
circuit and others, for the purpose of supplying
timing clocks to switching elements for switch-over
between an ON condition and an OFF condition of
each switching element. In these cases, in order fo
ensure that switches to be on-off controlled at
different phases are never simultaneously put in
the ON condition, it is necessary to use timing
clock signals which are different in phase and
which never overlap each other. For example, the
conventional step-up voltage converting circuit dis-
closed in Figure 1A of US Patent 4,777,577 needs
a two-phase clock generator. In many cases, in
addition, it becomes necessary to control the
switching elements with clocks of three or more
different phases, and therefore, a multiphase clock
generating circuit for generating clocks of three or
more different phases must be used.
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The conventional multiphase clock generating
circuits having the above mentioned functions have
required at least one 1/2 frequency divider com-
posed of for example a D-type flipflop, in order to
generate from a single input clock a pair of clock
signals that do not overlap each other in phase.
Accordingly, in order to generate an N-phase clock,
at least N 1/2 frequency dividers (each composed
of a D-type flipflop) are required. This is disad-
vantageous since the number of necessary ele-
ments inevitably becomes large and therefore
since it needs a large chip area when it is imple-
mented in an integrated circuit.

Furthermore, since the multiphase clock is
generated by action of the frequency division re-
alized by the flipflops, a clock to be supplied to a
multiphase clock generating circuit has to have a
sufficiently high frequency. In this connection, a
possible 3-phase clock generating circuit mainly
composed of flipflops would require an input clock
having the frequency which is four times the fre-
quency of each of three clocks of different phases
generated by the 3-phase clock generating circuit
itself, As a result, a large amount of a pass-through
current flows from the voltage source to the
ground, and therefore, a consumed electric power
is large.

Summary of the Invention

Accordingly, it is an object of the present in-
vention to provide a voltage converting circuit and
a multiphase clock generating circuit each of which
has overcome the above mentioned defects of the
conventional ones.

Another object of the present invention is to
provide a voltage converting circuit configured so
that even if an output voltage of one voltage output
terminal is caused to vary due to the condition of a
load connected to the one voltage output terminal,
an output voltage of the other voltage output termi-
nal is maintained stable.

Still another object of the present invention is
fo provide a voltage converting circuit capable of
generating positive and negative voltages having
different absolute values.

A further object of the present invention is to
provide a multiphase clock generating circuit which
can be constructed with using no flipflop in an
initial stage, and which can therefore be realized
with a reduced chip area.

The above and other objects of the present
invention are achieved in accordance with the
present invention by a voltage converting circuit
including a plurality of capacitive elements, means
for charging the plurality of capacitive elements
with a voltage source voltage at a first timing,
means for connecting at least one of the plurality of
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capacitive elements in series with the voltage
source voltage at a second timing so as to gen-
erate a positive voltage which is at least two times
the voltage source voltage, and means for serially
connecting at least two capacitive elements of the
plurality of capacitive elements at a third timing so
as o generate a negative voltage which is at least
two times times the voltage source voltage.

According to another aspect of the present
invention, there is provided a voltage converting
circuit including a plurality of capacitive elements,
means for connecting the plurality of capacitive
elements in series with each other and charging
the series-connected capacitive elements with a
voltage source voltage at a first timing, means for
connecting a first predetermined number of capaci-
tive elements of the plurality of capacitive elements
in parallel to each other at a second timing so as to
generate a positive voltage corresponding to a voli-
age which is obtained by dividing the voltage
source voltage by an integer, and means for con-
necting a second predetermined number of capaci-
tive elements of the plurality of capacitive elements
in parallel fo each other at a third timing so as to
generate a negative voltage corresponding to a
voltage which is obtained by dividing the voltage
source voltage by an integer.

According to still another aspect of the present
invention, there is provided a multiphase clock gen-
erating circuit including a 2-phase clock generating
circuit composed of a CMOS level shift circuit
having a predetermined delay time and receiving a
input clock and generating a non-inverted output
clock and an inverted oufput clock of different
phases, and pulse selection means receiving one
of the non-inverted output clock and the inverted
output clock and generating a plurality of output
signals which have a phase different from each
other and which has a frequency obtained by divid-
ing the frequency of the received clock by the
number of the output signals.

The above and other objects, features and ad-
vantages of the present invention will be apparent
from the following description of preferred embodi-
ments of the invention with reference to the accom-
panying drawings.

Brief Description of the Drawings

Figure 1 is a circuit diagram of a first embodi-
ment of the step-up circuit in accordance with
the present invention;

Figures 2A to 2D are circuit diagrams illustrating
a step-up operation of the step-up circuit shown
in Figure 1;

Figure 3 is a circuit diagram of a second em-
bodiment of the step-up circuit in accordance
with the present invention;
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Figures 4A to 4D are circuit diagrams illustrating
a step-up operation of the step-up circuit shown
in Figure 3;

Figure 5 is a circuit diagram of a third embodi-
ment of the step-up circuit in accordance with
the present invention;

Figure 6 is a circuit diagram of a first embodi-
ment of the step-down circuit in accordance with
the present invention;

Figures 7A to 7D are circuit diagrams illustrating
a step-down operation of the step-down circuit
shown in Figure 6;

Figure 8 is a circuit diagram of a first embodi-
ment of the 3-phase clock generating circuit in
accordance with the present invention;

Figure 9 is a timing chart illustrating an opera-
tion of the 3-phase clock generating circuit
shown in Figure 8,

Figure 10 is a circuit diagram of an embodiment
of the step-up circuit in accordance with the
present invention associated with the 3-phase
clock generating circuit in accordance with the
present invention;

Figure 11 is a circuit diagram of the 3-phase
clock generating circuit used in the embodiment
shown in Figure 10; and

Figure 12 is a timing chart illustrating an opera-
tion of the 3-phase clock generating circuit
shown in Figure 11.

Description of the Preferred embodiments

Referring to Figure 1, there is Shown a circuit
diagram of a first embodiment of the step-up circuit
in accordance with the present invention.

The shown step-up circuit includes a voltage
source 10 having its negative electrode connected
fo a ground terminal 14 and its positive electrode
11 connected to one end of each of a positive
reservoir capacitor 12, charging switches 19 and 20
and a positive step-up switch 23. The other end of
the positive reservoir capacitor 12 is connected to
a positive voltage output terminal 13 and one end
of a positive step-up switch 24. The other end of
the charging switch 19 is connected to the other
end of the positive step-up switch 24, one end of a
transfer capacitor 17 and one end of a negative
step-up switch 25, which in turn has its other end
connected to the ground terminal 14. The other
end of the charging switch 20 is connected to one
end of a transfer capacitor 18 and one end of a
negative step-up switch 26. The other end of the
positive step-up switch 23 is connected to the other
end of the transfer capacitor 17, the other end of
the negative step-up switch 26 and one end of a
charging switch 21, which in turn has its other end
connected to the ground terminal 14. The other
end of the transfer capacitor 18 is connected to
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one end of a negative step-up switch 27 and one
end of a charging switch 22, which in turn has its
other end connected to the ground terminal 14.
The other end of the negative step-up switch 27 is
connected to a negative voltage output terminal 16
and one end of a negative reservoir capacitor 15,
which in turn has its other end connected to the
ground terminal 14.

In addition, the charging switches 19, 20, 21
and 22, the positive step-up switches 23 and 24,
and the negative step-up switches 25, 26 and 27
are controlled by different timing signals ¢1, ¢2
and ¢3, respectively, which are generated by a 3-
phase clock generating circuit (not shown in Figure
1).

Now, operation will be described with reference
to Figures 2A to 2D, which illustrate four different
circuit conditions of the step-up circuit shown in
Figure 1 when the timing signals are activated in
the order of ¢1, ¢2, ¢1 and ¢3. Here, it is assumed
that the charging switches 19, 20, 21 and 22 are
closed only during an active or high level period of
the corresponding timing signals ¢1, and main-
fained in an open condition during an inactive or
low level period of the corresponding timing signals
¢1, and the positive step-up switches 23 and 24
are closed only during an active or high level
period of the corresponding timing signals ¢», and
maintained in an open condition during an inactive
or low level period of the corresponding timing
signals ¢2. In addition, the negative step-up switch-
es 25, 26 and 27 are closed only during an active
or high level period of the corresponding timing
signals ¢3, and maintained in an open condition
during an inactive or low level period of the cor-
responding timing signals ¢3. The active or high
level period of the timing signals ¢1, ¢2 and ¢3
never overlap each other in time, and the timing
signals ¢1, ¢2 and ¢3 are sequentially brought fo
the high level in the order of ¢1, ¢2, ¢1 and ¢s.
One sequence of timing signals ¢1, ¢2, ¢1 and ¢s
constitute one cycle as a basic unit of a repeated
operation.

When the positive step-up switches 23 and 24
and the negative step-up switches 25, 26 and 27
are open or off, the charging switches 19, 20, 21
and 22 are closed or turned on in response fo the
high level timing signal ¢+. In this condition, as
shown in Figure 2A, the fransfer capacitors 17 and
18 are connected in parallel to each other between
the positive electrode 11 of the voltage source 10
and the ground terminal 14, and therefore, are
charged to a voltage Vpp of the voltage source 10.

Then, after the charging switches 19, 20, 21
and 22 are rendered open or turned off, only the
positive step-up switches 23 and 24 are closed or
turned on in response to the high level timing
signal ¢2. In this condition, as shown in Figure 2B,
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the transfer capacitor 17 is connected between the
positive electrode 11 of the voltage source 10 and
the positive voltage output terminal 13, and also
connected in parallel to the positive reservoir ca-
pacitor 12, so that an output voltage of 2Vpp is
supplied from the positive voltage output terminal
13, and the positive reservoir capacitor 12 is
charged to Vpp.

Next, after the positive step-up switches 23 and
24 are rendered open or off, the charging switches
19, 20, 21 and 22 are turned on again in response
to the high level timing signal ¢1. In this condition,
as shown in Figure 2C, the transfer capacitors 17
and 18 are charged to the voltage source voltage
Vpp. At this time, since the positive reservoir ca-
pacitor 12 and the voltage source 10 are connected
in series between the positive voltage output termi-
nal 13 and the ground terminal 14, the output
voltage of 2Vpp is supplied from the positive volt-
age output terminal 13.

Furthermore, after the charging switches 19,
20, 21 and 22 are turned off, only the negative
step-up switches 25, 26 and 27 are closed or
turned on in response to the high level timing
signal ¢3. In this condition, as shown in Figure 2D,
the transfer capacitors 17 and 18 are connected in
series between the ground terminal 14 and the
negative voltage output terminal 16, and also con-
nected in parallel fo the negative reservoir capaci-
tor 15, so that an output voltage of -2Vpp is sup-
plied from the negative voltage output terminal 16,
and the negative reservoir capacitor 15 is charged
to -2Vpp.

At this time, the output voltage of 2Vpp is
continuously supplied from the positive voltage out-
put terminal 13 by the series-connected positive
reservoir capacitor 12 and voltage source 10.

In the connection condition shown in Figures
2A, 2C and 2D, there is possibility that the voltage
of the positive reservoir capacitor 12 is caused to
change due to an external load connected to the
positive voltage output terminal 13, and therefore,
the positive output voltage varies.

However, even if the voltage of the positive
reservoir capacitor 12 changed, the transfer capaci-
tor 17 is charged to the voltage source voltage Vpp
again as shown in Figure 2A in response to the
high level timing signal ¢1 of the next cycle, and
the positive reservoir capacitor 12 is charged to
Vpp again by the Vpp charged transfer capacitor 17
as shown in Figure 2B in response to the high level
timing signal ¢2 of the next cycle. Accordingly, the
output of the positive voltage output terminal 13 is
restored to 2Vpp. In addition, during this 2Vpp re-
storing process, the variation in the voltage of the
positive voltage output terminal 13 never causes
any variation in the voltage of the negative voltage
output terminal 16, since the negative reservoir
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capacitor 15 is isolated from the positive reservoir
capacitor 12 and receives no electric charge from
the positive reservoir capacitor 12.

Similarly, in the connection condition shown in
Figures 2A, 2B and 2C, even if the voltage of the
negative voltage output terminal 16 varies, the neg-
ative output voltage, namely, the negative reservoir
capacitor 15 is recovered to -2Vpp again by the
transfer capacitors 17 and 18 charged to Vpp, as
shown in Figure 2D. Also in this process, the
variation in the voltage of negative voltage output
terminal 16 never causes any variation in the volt-
age of the positive voltage output terminal 13,
since the negative reservoir capacitor 15 and the
positive reservoir capacitor 12 are isolated from
each other in a charge transfer.

Referring to Figure 3, there is shown a circuit
diagram of a second embodiment of the step-up
circuit in accordance with the present invention.

The step-up circuit shown in Figure 3 includes
a voltage source 30 having its negative electrode
connected to a ground terminal 34. A positive elec-
trode 31 of the voltage source 30 is connected to
one end of each of a positive reservoir capacitor
32, charging switches 39 and 40 and a positive
step-up switch 43. The other end of the positive
reservoir capacitor 32 is connected to a positive
voltage output terminal 33 and one end of a posi-
tive step-up switch 45. The other end of the charg-
ing switch 39 is connected to one end of a positive
step-up switch 44, one end of a transfer capacitor
37 and one end of a negative step-up switch 46,
which in turn has its other end connected to the
ground terminal 34. The other end of the charging
switch 40 is connected to one end of a transfer
capacitor 38, one end of a negative step-up switch
47, and the other end of the positive step-up switch
45. The other end of the positive step-up switch 43
is connected to the other end of the transfer ca-
pacitor 37, the other end of the negative step-up
switch 47 and one end of a charging switch 41,
which in turn has its other end connected to the
ground terminal 34. The other end of the transfer
capacitor 38 is connected to the other end of the
positive step-up switch 44, one end of a negative
step-up switch 48 and one end of a charging
switch 42, which in turn has its other end con-
nected to the ground terminal 34. The other end of
the negative step-up switch 48 is connected to a
negative voltage output terminal 36 and one end of
a negative reservoir capacitor 35, which in turn has
its other end connected to the ground terminal 34.

In addition, the charging switches 39, 40, 41
and 42, the positive step-up switches 43, 44 and
45, and the negative step-up switches 46, 47 and
48 are controlled by different timing signals ¢1, ¢2
and ¢s, respectively, similarly to the first embodi-
ment. These fiming signals ¢1, ¢2 and ¢3 are
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generated by a 3-phase clock generating circuit
(not shown in Figure 3).

Now, operation will be described with reference
to Figures 4A to 4D, which illustrate four different
circuit conditions of the step-up circuit shown in
Figure 3 when tile timing signals are activated in
the order of ¢1, ¢2, ¢1 and ¢3. Here, it is assumed
that the charging switches 39, 40, 41 and 42 are
closed only during a high level period of the cor-
responding timing signals ¢1, and maintained in an
open condition during a low level period of the
corresponding timing signals ¢1, and the positive
step-up switches 43, 44 and 45 are closed only
during a high level period of the corresponding
fiming signals ¢2, and maintained in an open con-
dition during a low level period of the correspond-
ing fiming signals ¢2. In addition, the negative
step-up switches 46, 47 and 48 are closed only
during a high level period of the corresponding
fiming signals ¢3, and maintained in an open con-
dition during a low level period of the correspond-
ing timing signals ¢3. Similarly to the first embodi-
ment, the high level period of the timing signals ¢1,
¢2 and ¢z never overlap each other in time, and
the timing signals ¢1, ¢2 and ¢s are sequentially
brought to the high level in the order of ¢1, ¢2, ¢1
and ¢3, which constitute one cycle as a basic unit
of a repeated operation.

When the positive step-up switches 43, 44 and
45 and the negative step-up switches 46, 47 and
48 are open or off, the charging switches 39, 40,
41 and 42 are closed or turned on in response to
the high level timing signal ¢1. In this condition, as
shown in Figure 4A, the fransfer capacitors 37 and
38 are connected in parallel to each other between
the positive electrode 31 of the voltage source 30
and the ground terminal 34, and therefore, are
charged to a voltage Vpp of the voltage source 30.

Then, after the charging switches 39, 40, 41
and 42 are turned off, only the positive step-up
switches 43, 44 and 44 are closed or turned on in
response to the high level timing signal ¢2. In this
condition, as shown in Figure 4B, the transfer ca-
pacitors 37 and 38 are connected in series be-
tween the positive electrode 31 of the voltage
source 30 and the positive voltage output terminal
33, and a series circuit of the transfer capacitors 37
and 38 are connected in parallel to the positive
reservoir capacitor 32, so that an output voltage of
3Vop is supplied from the positive voltage output
terminal 33, and the positive reservoir capacitor 32
is charged fo 2Vpp.

Next, after the positive step-up switches 43, 44
and 45 are rendered open or off, the charging
switches 39, 40, 41 and 42 are turned on again in
response to the high level timing signal ¢1. In this
condition, as shown in Figure 4C, the fransfer ca-
pacitors 37 and 38 are charged to the voltage



11 EP 0 585 925 A2 12

source voltage Vpp. At this time, since the positive
reservoir capacitor 32 and the voltage source 30
are connected in series between the positive volt-
age output terminal 33 and the ground terminal 34,
the output voltage of 3Vpp is continuously supplied
from the positive voltage output terminal 33.

Furthermore, after the charging switches 39,
40, 41 and 42 are turned off, only the negative
step-up switches 46, 47 and 48 are closed or
turned on in response to the high level timing
signal ¢3. In this condition, as shown in Figure 4D,
the transfer capacitors 37 and 38 are connected in
series between the ground terminal 34 and the
negative voltage output terminal 36, and a series
circuit of the ftransfer capacitors 38 and 37 are
connected in parallel to the negative reservoir ca-
pacitor 35, so that an oufput voltage of -2Vpp is
supplied from the negative voltage output terminal
36, and the negative reservoir capacitor 35 is
charged to -2Vpp.

At this time, the output voltage of 3Vpp is
continuously supplied from the positive voltage out-
put terminal 33 by the series-connected positive
reservoir capacitor 32 and voltage source 30.

In the connection condition shown in Figures
4A, 4C and 4D, there is possibility that the voltage
of the positive reservoir capacitor 32 is caused to
change due to an external load connected to the
positive voltage output terminal 33, and therefore,
tile positive output voltage varies.

However, even if the voltage of the positive
reservoir capacitor 32 changed, the transfer capaci-
tors 37 and 38 are charged to the voltage source
voltage Vpp again as shown in Figure 4A in re-
sponse to the high level timing signal ¢1 of the
next cycle, and the positive reservoir capacitor 32
is charged to 2Vpp again by the Vpp charged
transfer capacitors 37 and 38 as shown in Figure
4B in response to the high level timing signal ¢2 of
the next cycle. Accordingly, the output of the posi-
tive voltage output terminal 33 is restored to 3Vpp.
During this 3Vpp restoring process, the variation in
the voltage of the positive voltage output terminal
33 never causes any variation in the voltage of the
negative voltage output terminal 36, similarly to the
first embodiment.

Similarly, in the connection condition shown in
Figures 4A, 4B and 4C, even if the voltage of the
negative voltage output terminal 36 varies, the neg-
ative output voltage, namely, the negative reservoir
capacitor 35 is recovered to -2Vpp again by the
transfer capacitors 37 and 38 charged to Vpp, as
shown in Figure 4D. In this process, the variation in
the voltage of negative voltage output terminal 36
never causes any variation in the voltage of the
positive voltage output terminal 33, similarly to the
first embodiment.
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Furthermore, the second embodiment shown in
Figure 3 outputs the positive output voltage of
+3Vpp from the positive voltage output terminal 33
and the negative output voltage of -2Vpp from the
negative voltage output terminal 36. Namely, it is
possible to supply positive and negative voltages
having different absolute values, from positive and
negative voltage output terminals.

Referring to Figure 5, there is shown a circuit
diagram of a third embodiment of the step-up cir-
cuit in accordance with the present invention.

This third embodiment includes three transfer
capacitors 57, 58 and 59 in order to be able to
supply a negative voltage of -3Vpp.

The embodiment shown in Figure 5 includes a
voltage source 50 having its negative electrode
connected to a ground terminal 54. A positive elec-
trode 51 of the voltage source 50 is connected to
one end of each of a positive reservoir capacitor
52, charging switches 60, 61 and 62 and a positive
step-up switch 66. The other end of the positive
reservoir capacitor 52 is connected to a positive
voltage output terminal 53 and one end of a posi-
tive step-up switch 68. The other end of the charg-
ing switch 60 is connected to one end of a positive
step-up switch 67, one end of a transfer capacitor
57 and one end of a negative step-up switch 69,
which in turn has its other end connected to the
ground terminal 54. The other end of the charging
switch 61 is connected to the other end of the
positive step-up switch 68, one end of a fransfer
capacitor 58 and one end of a negative step-up
switch 70. The other end of the charging switch 62
is connected to one end of a fransfer capacitor 59
and one end of a negative step-up switch 71.

The other end of the positive step-up switch 66
is connected to the other end of the transfer ca-
pacitor 57, the other end of the negative step-up
switch 70 and one end of a charging switch 63,
which in turn has its other end connected to the
ground terminal 54. The other end of the positive
step-up switch 67 is connected to the other end of
the transfer capacitor 58, the other end of the
negative step-up switch 71 and one end of a charg-
ing switch 64, which in turn has its other end
connected to the ground terminal 54. The other
end of the transfer capacitor 59 is connected to
one end of a negative step-up switch 72 and one
end of a charging switch 65, which in turn has its
other end connected to the ground terminal 54.
The other end of the negative step-up switch 72 is
connected to one selection input of a selection
switch S, which has its other selection input con-
nected to the one end of the negative step-up
switch 71. A selection output of the switch S is
connected to a negative voltage output terminal 56
and one end of a negative reservoir capacitor 55,
which in turn has its other end connected to the
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ground terminal 54.

In addition, the charging switches 60, 61, 62,
63, 64 and 65, the positive step-up switches 66, 67
and 68, and the negative step-up switches 69, 70,
71 and 72 are controlled by different timing signals
¢1, ¢2 and ¢s3, which are similar to those timing
signals in the first and second embodiments. In
other words, the third embodiment is operated in a
manner similar to those of the first and second
embodiments, and therefore, a detailed explanation
of the operation of the third embodiment will be
omitted.

With the arrangement of the third embodiment,
a positive output voltage of +3Vpp is obtained by
cooperation of the voltage source 50 and die trans-
fer capacitors 57 and 58, and supplied from the
positive voltage output terminal 53. In addition, a
negative oufput voltage of -2Vpp is obtained by
cooperation of the fransfer capacitors 57 and 58,
and a negative oufput voltage of -3Vpp is obtained
by cooperation of the transfer capacitors 57, 58
and 59. Either the negative output voltage of -2Vpp
or the negative output voltage of -3Vpp is selected
by the switch S, and supplied from the negative
voltage output terminal 56.

In this third embodiment, positive and negative
voltages having the same absolute value or positive
and negative voltages having different absolute val-
ues can be selectively obtained from the positive
voltage output terminal 53 and the negative voltage
output terminal 56, by controlling the switch S. A
voltage variation on one of the positive and nega-
tive voltage output terminals 53 and 56 caused by
an external load causes no voltage variation on the
other of the positive and negative voltage output
terminals 53 and 56, similarly to the first and sec-
ond embodiments.

Referring to Figure 6, there is shown a circuit
diagram of a first embodiment of the step-down
circuit in accordance with the present invention.

The step-down circuit shown in Figure 6 in-
cludes a voltage source 80 having its negative
electrode connected to a ground terminal 84 and
its positive electrode 81 connected to one end of a
charging switch 89. The other end of the charging
switch 89 is connected to one end of a transfer
capacitor 87, one end of a positive step-down
switch 92, and one end of a negative step-down
switch 96 having its other end connected to the
ground terminal 84. The other end of the positive
step-down switch 92 is connected to a positive
voltage output terminal 83, one end of a positive
step-down switch 94, and one end of a positive
reservoir capacitor 82 having its other end con-
nected to the ground terminal 84.

The other end of the transfer capacitor 87 is
connected to one end of a charging switch 90, one
end of a negative step-down switch 97 and one
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end of a positive step-down switch 93 having its
other end connected to the ground terminal 84.
The other end of th charging switch 90 is con-
nected to the other end of the positive step-down
switch 94, one end of another transfer capacitor 88;
and one end of a negative step-down switch 98
having its other end connected to the ground termi-
nal 84. The other end of the negative step-down
switch 97 is connected to one end of a negative
step-down switch 99, a negative voltage output
terminal 86 and one end of a negative reservoir
capacitor 85 having its other end connected to the
ground terminal 84. The other end of the negative
step-down switch 99 is connected to the other end
of the transfer capacitor 88, one end of a positive
step-down switch 95 and one end of a charging
switch 91. The other end of each of the positive
step-down switch 95 and the charging switch 91 is
connected to the ground terminal 84.

In addition, the charging switches 89, 90 and
91, the positive step-down switches 92, 93, 94 and
95, and the negative step-down switches 96, 97, 98
and 99 are controlled by different timing signals ¢+,
¢2 and ¢s, respectively, which are similar to the
timing signals in the first to third embodiments of
the step-up circuit.

Now, operation will be described with reference
to Figures 7A to 7D, which illustrate four different
circuit conditions of the step-down circuit shown in
Figure 6 when the timing signals are activated in
the order of ¢1, ¢2, ¢1 and ¢3. Here, it is assumed
that the charging switches 89, 90 and 91 are
closed only during a high level period of the cor-
responding timing signals ¢1, and maintained in an
open condition during an inactive or low level pe-
riod of the corresponding timing signals ¢+, and
the positive step-down switches 92, 93, 94 and 95
are closed only during a high level period of the
corresponding timing signals ¢2, and maintained in
an open condition during a low level period of the
corresponding timing signals ¢2. In addition, the
negative step-down switches 96, 97, 98 and 99 are
closed only during a high level period of the cor-
responding timing signals ¢3, and maintained in an
open condition during a low level period of the
corresponding timing signals ¢s. Similarly to the
timing signals in the first to third embodiments of
the step-up circuit, the high level period of the
timing signals ¢1, ¢2 and ¢3 never overlap each
other in time, and the timing signals ¢1, ¢2 and ¢3
are sequentially brought to the high level in the
order of ¢1, ¢2, ¢1 and ¢3. One sequence of timing
signals ¢1, ¢2, ¢1 and ¢z constitute one cycle as a
basic unit of a repeated operation.

When the positive step-down switches 92, 93,
94 and 95 and negative step-down switches 96, 97,
98 and 99 are open or off, the charging swiiches
89, 90 and 91 are closed or turned on in response
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to the high level timing signal ¢1. In this condition,
as shown in Figure 7A, the transfer capacitors 87
and 88 are connected in series between the posi-
tive electrode 81 of the voltage source 80 and the
ground terminal 84. Since the transfer capacitors
87 and 88 have the same capacitance, each of the
transfer capacitors 87 and 88 is charged to a half
of a voltage Vpp of the voltage source 80, namely,
Vpp/2.

Then, after the charging switches 89, 90 and
91 are rendered open or turned off, only the posi-
tive step-down switches 92, 93, 94 and 95 are
closed or turned on in response to the high level
timing signal ¢2. In this condition, as shown in
Figure 7B, the transfer capacitors 87 and 88 are
connected in parallel to the positive reservoir ca-
pacitor 82, and also connected in parallel between
the positive voltage output terminal 83 and the
ground terminal 84, so that tile positive reservoir
capacitor 82 is charged to Vpp/2, and an output
voltage of Vpp/2 is supplied from the positive volt-
age output terminal 83.

Next, after the positive step-down switches 92,
93, 94 and 95 are rendered open or off, the charg-
ing switches 89, 90 and 91 are turned on again in
response to the high level timing signal ¢1. In this
condition, as shown in Figure 7C, the transfer ca-
pacitors 87 and 88 are charged to the voltage of
Vpp/2 At this time, since the positive reservoir ca-
pacitor 82 is connected in series between the posi-
tive voltage output terminal 83 and the ground
terminal 84, the output voltage of Vpp/2 is continu-
ously supplied from the positive voltage output
terminal 83.

Furthermore, after the charging switches 89, 90
and 91 are turned off, only the negative step-down
switches 96, 97, 98 and 99 are closed or turned on
in response to the high level timing signal ¢s. In
this condition, as shown in Figure 7D, each of the
transfer capacitors 87 and 88 is connected in par-
allel to tile negative reservoir capacitor 85, and also
connected between the ground terminal 84 and the
negative voltage output terminal 86, so that the
negative reservoir capacitor 85 is charged to
-Vpp/2, and an output voltage of -Vpp/2 is supplied
from the negative voltage output terminal 86. At
this time, the output voltage of Vpp/2 is continu-
ously supplied from the positive voltage output
terminal 83 by the positive reservoir capacitor 82.

In the connection condition shown in Figures
7A, 7C and 7D, there is possibility that the voltage
of the positive reservoir capacitor 82 is caused to
change due to an external load connected to the
positive voltage output terminal 83, and therefore,
the positive output voltage varies.

However, even if the voltage of the positive
reservoir capacitor 82 changed, the transfer capaci-
tors 87 and 88 are charged to the voltage source
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voltage Vpp/2 again as shown in Figure 7A in
response to the high level timing signal ¢1 of the
next cycle, and the positive reservoir capacitor 82
is charged to Vpp/2 again by the charged transfer
capacitors 87 and 88 as shown in Figure 7B in
response to the high level timing signal ¢, of the
next cycle. Accordingly, the output of the positive
voltage output terminal 83 is restored to Vpp/2. In
addition, during this voltage restoring process, the
variation in the voltage of the positive voltage out-
put terminal 83 never causes any variation in the
voltage of the negative voltage output terminal 86,
since the negative reservoir capacitor 85 is isolated
from the positive reservoir capacitor 82 and re-
ceives no electric charge from the positive reser-
voir capacitor 82.

Similarly, in the connection condition shown in
Figures 7A, 7B and 7C, even if the voltage of the
negative voltage output terminal 86 varies, the neg-
ative output voltage, namely, the negative reservoir
capacitor 85 is recovered to -Vpp/2 again by the
transfer capacitors 87 and 88 charged to Vpp/2, as
shown in Figure 7D. Also in this process, the
variation in the voltage of negative voltage output
terminal 86 never causes any variation in the volt-
age of the positive voltage output terminal 83,
since the negative reservoir capacitor 85 and the
positive reservoir capacitor 82 are isolated from
each other in a charge transfer.

Referring to Figure 8, there is shown a circuit
diagram of a first embodiment of the 3-phase clock
generating circuit in accordance with the present
invention.

The 3-phase clock generating circuit shown in
Figure 8 is mainly composed of a flipflop type
COMS level shift circuit 101, a buffer 103 and a
pulse selection circuit 109.

The COMS level shift circuit 101 includes a
clock input terminal 100 connected to an input of
an inverter 112 and a gate of an N-channel transis-
tor 114 having its source connected to a ground
terminal 111. An output of the inverter 112 is con-
nected to a gate of an N-channel transistor 113
having its source connected to the ground terminal
111. A drain of the N-channel fransistor 113 is
connected to an output terminal 117 of the COMS
level shift circuit 101, a drain of a P-channel tran-
sistor 115 and a gate of a P-channel transistor 116.
These P-channel fransistors 115 and 116 have their
source connected in common to a voltage supply
terminal 110, Vpp. A drain of the N-channel transis-
tor 114 is connected to another output terminal 118
of the COMS level shift circuit 101, a gate of the P-
channel transistor 115 and a drain of the P-channel
transistor 116. The output terminal 117 is con-
nected through the buffer 103 to an output terminal
of 106 of the 3-phase clock generating circuit.
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The pulse selection circuit 109 includes a D-
type flipflop 109 having a clock input C connected
to the output terminal 118 of the COMS level shift
circuit 101. A Q output of the D-type flipflop 109 is
connected to a data input D of the D-type flipflop
109 itself and one input of an AND circuit 105. A Q
output of the D-type flipflop 109 is connected to
one input of an AND circuit 104. The other input of
each of the AND circuits 104 and 105 is connected
in common to the clock input C of the D-type
flipflop 109. An output of the AND circuits 104 and
105 are connected to output terminals 107 and 108
of the 3-phase clock generating circuit, respec-
fively.

Here, since the Q output of the D-type flipflop
109 is connected to the data input D of the D-type
flipflop 109 itself, the D-type flipflop 109 constitutes
a 1/2 frequency divider circuit 102.

Now, operation of the 3-phase clock generating
circuit shown in Figure 8 will be described with
reference to a timing chart of Figure 9 illustrating
an operation of the 3-phase clock generating circuit
shown in Figure 8. Figure 9 illustrate a change in
time of each of the input clock CLK supplied to the
clock input terminal 100, a pair of output signals C1
and C2 appearing on the output terminals 117 and
118 of the CMOS level shift circuit 101, the Q
output and the Q output of the D-type flipflop 109,
and output signals ¢1, ¢2 and ¢s appearing on the
output terminals 106, 107 and 108.

As shown in Figure 9, when the input clock
CLK are at a low level, the N-channel transistors
113 and 114 are on and off, respectively, and
therefore, the output signals C1 and C2 are at a
low level and at a high level, respectively. When
the input clock CLK changes to the high level, the
N-channel transistors 113 and 114 are turned off
and on, respectively, and therefore, the output sig-
nal C2 becomes the low level. Since the output
signal C2 is applied to tile gate of the P-channel
transistor 115, after the output signal C2 becomes
the low level, the P-channel transistor 115 is turned
on after a constant delay time which is determined
by an ON resistance of the N-channel transistor
114 and a gate capacitance of the P-channel tfran-
sistor 115. The output signal C1 becomes the high
level upon the turning-on of the P-channel transis-
tor 115.

Furthermore, as shown in Figure 9, when the
input clock CLK changes to the low level, the N-
channel transistors 113 and 114 are turned on and
off, respectively, and therefore, the output signal
C1 becomes the low level. Since the output signal
C1 is applied to the gate of the P-channel transistor
116, after the output signal C1 becomes the low
level, the P-channel fransistor 116 is turned on
after a constant delay time which is determined by
an ON resistance of the N-channel transistor 113
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and a gate capacitance of the P-channel fransistor
116. The output signal C2 becomes the high level
upon the turning-on of the P-channel transistor 116.

As will be apparent from the above and from
Figure 9, the output signals C1 and C2 constitute
two different phase clock signals having a high
level period that does not overlap each other.

In this case, the N-channel transistors 113 and
114 are designed to have a current driving capacity
larger than that of the P-channel fransistors 115
and 116, in order that, in operation, the output
signals C1 and C2 of the output terminals 117 and
118 can be surely inverted. For example, when the
input clock signal CLK has changed from the low
level to the high level, the N-channel transistor 114
is immediately turned on. During the delay time in
which the P-channel fransistor 116 remains on, the
N-channel fransistor 114 must flow a current larger
than the drain current of the P-channel transistor
116 in order to invert the output signal C2 to the
low level. Here, assuming that the input clock sig-
nal CLK has an amplitude of 5V and the voltage
Vpp of the voltage supply terminal 110 is 10V, the
gate voltage of the N-channel transistor 114 is 5V
at this time, and the gate voltage of the P-channel
transistor 116, which is a double of the gate voltage
of the N-channel transistor 114. Accordingly, since
the current drive capacity of a MOS (metal-oxide-
semiconductor) field effect transistor is in propor-
tion to a square of the gate voltage, the gate
width/gate length ratio of the N-channel transistor
114 is set to be larger than a value which is four
times the gate width/gate length ratio of the P-
channel ftransistor 116. Actually, since mobility of
electrons is generally larger than mobility of holes,
it is sufficient if the gate width/gate length ratio of
the N-channel transistor 114 is four times as larger
as the gate width/gate length ratio of the P-channel
transistor 116.

The output signal C1 is supplied through the
buffer 103 from the output terminal 106, as the
output signal ¢1 of the 3-phase clock generating
circuit, and the output signal C2 is supplied to the
clock input C of the 1/2 frequency divider circuit
102. Thus, the Q output of the 1/2 frequency di-
vider circuit 102 generates the output signal Q
which is flipped each time the output signal C2 is
brought to the high level. The Q output of the 1/2
frequency divider circuit 102 generates the output
signal Q complementary to the output signal Q as
shown in Figure 9. These output signals Q and Q
are supplied to the AND circuits 104 and 105,
respectively, so that the logical product of the
output signals Q and Q and the output signal C2
are supplied from the output terminals 107 and 108
as the output signals ¢2 and ¢s, respectively.

Accordingly, the clock signals ¢1, ¢2 and ¢3 of
different phases having a high level period that



19 EP 0 585 925 A2 20

never overlap each other, can be obtained from the
output terminals 106, 107 and 108. These clock
signals are sequentially brought to the high level in
the order of ¢1, ¢2, ¢1, and ¢3 in time. The four
clock signals ¢1, ¢2, ¢1, and ¢z constitute one
cycle, and therefore, are repeated cyclicly.

The 3-phase clock generating circuit shown in
Figure 8 uses only one 1/2 frequency divider circuit
formed of the D-type flipflop, which needs a large
chip area. Accordingly, the whole of the 3-phase
clock generating circuit shown in Figure 8 requires
only a reduced chip area, and therefore, the 3-
phase clock generating circuit shown in Figure 8
can be easily realized on an integrated circuit.

In addition, the clocks of two different phases
that never overlap each other, are generated by
utilizing the gate delay time in the CMOS level shift
circuit. Therefore, it is not required that the fre-
quency of the input clocks applied to the 3-phase
clock generating circuit is sufficiently higher than
that of the output clocks of the 3-phase clock
generating circuit Namely, as seen from Figure 9, it
is sufficient if the frequency of the input clock
signal CLK is a double of the frequency of the
output clock signals ¢» and ¢3 of the 3-phase
clock generating circuit. The frequency of the input
clock signal CLK is substantially the same as the
frequency of the output clock signal ¢1 of the 3-
phase clock generating circuit. Accordingly, an os-
cillator circuit (not shown) for supplying the input
clock CLK can be easily constructed. Furthermore,
since the input clock CLK does not require a high
frequency, the pass-through current flowing
through the MOS transistors from the voltage sup-
ply terminal fo the ground terminal within the 3-
phase clock generating circuit, can be remarkably
reduced, with the result that the consumed electric
power becomes correspondingly small.

The above mentioned embodiment of the mul-
tiphase clock generating circuit is of the 3-phase
clock generating circuit. However, the multiphase
clock generating circuit of four phases of more can
be similarly constructed. For example, an additional
pulse selection circuit is connected to one of the
output terminals of the 3-phase clock generating
circuit, so that the additional pulse selection circuit
generates two clock signals which never overlap
each other and which have a frequency corre-
sponding to a half of the frequency of the output
clock outputted form the output terminal of the 3-
phase clock generating circuit connected to the
additional pulse selection circuit. Thus, a circuit
composed of the 3-phase clock generating circuit
and tile additional pulse selection circuit functions
as a four-phase clock generating circuit as a whole.
Accordingly, the multiphase clock generating circuit
can be constructed by connecting a pulse generat-
ing circuit, and the arrangement of the multiphase
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clock composed of the whole of output pulses can
be determined by selecting output terminals of
newly added pulse selection circuits.

For example, if an additional pulse selection
circuit is connected to the output terminal 108 of
the 3-phase clock generating circuit shown in Fig-
ure 8 so that a pair of output signals ¢4+ and ¢s are
generated by the additional pulse selection circuit,
there can be obtained a four-phase clock generat-
ing circuit which generates four different phase
clocks ¢1, ¢2, ¢2 and ¢s which never overlap each
other and which are cyclicly brought to the high
level in the order of ¢1, ¢2, ¢1, ¢4, ¢1, ¢2, ¢1, and
¢s, which constitute one cycle.

Referring to Figure 10, there is shown a circuit
diagram of an embodiment of the step-up circuit in
accordance with the present invention associated
with the 3-phase clock generating circuit in accor-
dance with the present invention.

The step-up circuit shown in Figure 10 is the
step-up circuit shown in Figure 1 in which the
switches are realized in a CMOS ftransistor technol-
ogy. Namely, the positive step-up switches 23 and
24 in the step-up circuit of Figure 1 are constituted
of positive step-up P-channel transistors 133 and
134, respectively. The negative step-up switches
25, 26 and 27 in the step-up circuit of Figure 1 are
constituted of negative step-up N-channel transis-
tors 135, 136 and 137, respectively. The charging
switches 19 and 20 are constituted of charging P-
channel transistors 129 and 130, respectively. The
charging switches 21 and 22 are constituted of
charging N-channel ftransistors 131 and 132, re-
spectively. As show in Figure 10, respective gates
of these N-channel and P-channel transistors are
supplied with the timing clock signals ¢1 and ¢s
outputted from a 3-phase clock generating circuit
139 and inverted signals of timing clock signals ¢+
and ¢2 obtained through inverters 140 and 140. In
addition, the voltage source 10 and the capacitors
12, 15, 17 and 18 of Figure 1 correspond to a
voltage source 120 and capacitors 122, 125, 127
and 128 of Figure 10, respectively. The output
terminals 13 and 16 of Figure 1 correspond to
output terminals 123 and 126, respectively.

In the above mentioned step-up circuit shown
in Figure 10, the switches connected to a high level
voltage supply terminal 121 or the positive voltage
output terminal 123 are formed of the P-channel
transistor, and the switches connected to a ground
terminal 124 or the negative voltage output terminal
126 are formed of the N-channel transistor. There-
fore, since an on resistance of these transistors can
be made small by applying a sufficiently large gate
voltage, the step-up efficiency can be elevated, and
the loss can be decreased with a reduced con-
sumed power.
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In addition, the 3-phase clock generating circuit
139 are driven with +2Vpp and -2Vpp as a voltage
supply voltage, so that the output tining signals ¢+,
¢> and ¢3 for switching the N-channel and P-
channel fransistors have a sufficient amplitude be-
fween a positive voltage and a negative voltage.

Referring to Figure 11, there is shown a circuit
diagram of the 3-phase clock generating circuit 139
used in the embodiment shown in Figure 10. In this
embodiment, it is assumed that Vpp is 5V.

A clock signal CLK having an amplitude from
0V to 5V is applied to a clock input terminal 150
corresponding a clock input 138 of Figure 10. This
clock signal CLK is inverted by an inverter 164
composed of a P-channel transistor 165 and an N-
channel transistor 166. The clock signal CLK and
its inverted signal are supplied to a first level shift
circuit 167 which is composed of P-channel transis-
fors 168 and 169 and N-channel transistors 170
and 171 connected as shown in Figure 11. Namely,
the clock signal CLK and its inverted signal are
converted into a pair of complementary signals
having an amplitude from -10V to 5V

Furthermore, the pair of complementary signals
are supplied to a second level shift circuit 172
which is composed of N-channel transistors 173
and 174 and P-channel fransistors 175 and 176
connected as shown in Figure 11. Namely, the pair
of complementary signals are converted into a pair
of clock signals having an amplitude from -10V fo
+10V, which are supplied to a pair of inverters 153
and 159, respectively.

An output signal C1 of the inverter 153 is
supplied from an output terminal 156 as a first
timing signal ¢1. An output signal C2 of the inverter
159 is supplied to a pulse selection circuit 149
constructed similarly to the pulse selection circuit
109 shown in Figure 8. Thus, second and third
signals ¢2 and ¢3 are supplied from output termi-
nals 157 and 158, respectively.

Figure 12 is a timing chart illustrating the
change in time of the input clock CLK and the first,
second and third timing signals ¢1, ¢2 and ¢z in
the 3-phase clock generating circuit shown in Fig-
ure 11.

Since the CMOS level shift circuit 151 is con-
stituted by using two CMOS level shift circuits
which are similar to the CMOS level shift circuit
used in the 3-phase clock generating circuit of
Figure 8 and which are coupled to form a two-
stage cascaded structure, the timing signals having
an amplitude from -2Vpp to +2Vpp can be ob-
tained. Therefore, it is possible to drive the step-up
circuit of the CMOS transistor structure shown in
Figure 10.

As will be apparent from the above, the voltage
converting circuit in accordance with the present
application is configured so that a positive voltage
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and a negative voltage are generated indepen-
dently of each other, by using the switches on-off
controlled by three different phase clock signals.
Accordingly, a voltage variation on one of the posi-
tive and negative voltage output terminals caused
by an external load causes no voltage variation on
the other of the positive and negative voltage out-
put terminals. Therefore, an overall system includ-
ing the voltage converting circuit in accordance
with the present application as a voltage supply
circuit, can have an elevated reliability.

In addition, the step-up circuit in accordance
with the present application is capable of generat-
ing positive and negative voltages having different
absolute values. The step-down circuit in accor-
dance with the present application is capable of
generating not only a positive voltage but also a
negative voltage.

The multiphase clock generating circuit in ac-
cordance with the present application is configured
so that an initial stage for generating from a single
input clock a pair of different phase clocks that do
not overlap each other, is constituted of a CMOS
level shift circuit, not by the D-type flipflop which
needs a large chip area. Accordingly, the whole of
the 3-phase clock generating circuit can be re-
alized with a reduced chip area.

In addition, since the input clock signal is not
frequency-divided by by a 1/2 frequency-divider,
the frequency of the input clock signal CLK can be
set at a low value. This is very effective in reducing
the pass-through current and hence the consumed
electric power.

The invention has thus been shown and de-
scribed with reference to the specific embodi-
ments. However, it should be noted that the
present invention is in no way limited to the details
of the illustrated structures but changes and modi-
fications may be made.

Claims

1. A voltage converting circuit including a plurality
of capacitive elements, means for charging
said plurality of capacitive elements with a
voltage source voltage at a first timing, means
for connecting at least one of said plurality of
capacitive elements in series with the voltage
source voltage at a second timing so as to
generate a positive voltage which is at least
fwo times the voltage source voltage, and
means for serially connecting at least two ca-
pacitive elements of said plurality of capacitive
elements at a third timing so as to generate a
negative voltage which is at least two times
times the voltage source voltage.
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A voltage converting circuit claimed in Claim 1
wherein said charging means includes a first
switch means connected between said voltage
source voltage and one end of each of said
plurality of capacitive elements and a second
switch means connected between a ground
terminal and the other end of each of said
plurality of capacitive elements so that each of
said plurality of capacitive elements is con-
nected in parallel to said voltage source volt-
age, wherein said positive voltage generating
means includes a third switch means connect-
ed between a positive electrode of said voltage
source and one end of at least one of said
plurality of capacitive elements and a fourth
switch means connected between a positive
voltage output terminal and the other end of at
least one of said plurality of capacitive ele-
ments so that a positive voltage corresponding
o the voltage source voltage plus the charged
voltage of at least one of said plurality of
capacitive elements is outputted from said
positive voltage output terminal, and wherein
said negative voltage generating means in-
cludes a plurality of switching means for seri-
ally connecting said at least two capacitive
elements of said plurality of capacitive ele-
ments between said ground terminal and a
negative voltage output terminal in such a
manner that a negative end of the series-con-
nected at least two capacitive elements is con-
nected to said negative voltage output termi-
nal.

A voltage converting circuit claimed in Claim 2
wherein said switching means are formed of
CMOS transistors, and respective gates of the
fransistors are driven with first, second and
third timing signals having different phases.

A voltage converting circuit claimed in Claim 3
further including a 3-phase clock generating
circuit which includes a 2-phase clock generat-
ing circuit composed of a CMOS level shift
circuit having a predetermined delay time and
receiving a input clock and generating a non-
inverted output clock and an inverted output
clock of different phases, the one of said non-
inverted output clock and said inverted output
clock constituting said first timing signal, a 1/2
frequency dividing circuit receiving the other of
said non-inverted output clock and said in-
verted output clock for generating a non-in-
verted signal and an inverted signal, a first
AND gate receiving said non-inverted signal
and the other of said non-inverted output clock
and said inverted output clock for generating
said second timing signal, and a second AND
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gate receiving said inverted signal and the
other of said non-inverted output clock and
said inverted output clock for generating said
third timing signal.

A voltage converting circuit including a plurality
of capacitive elements, means for connecting
said plurality of capacitive elements in series
with each other and charging the series-con-
nected capacitive elements with a voltage
source voltage at a first timing, means for
connecting a first predetermined number of
capacitive elements of said plurality of capaci-
tive elements in parallel to each other at a
second timing so as to generate a positive
voltage corresponding to a voltage which is
obtained by dividing the voltage source voltage
by an integer, and means for connecting a
second predetermined number of capacitive
elements of said plurality of capacitive ele-
ments in parallel to each other at a third timing
so as to generate a negative voltage corre-
sponding to a voltage which is obtained by
dividing the voltage source voltage by an in-
teger.

A voltage converting circuit claimed in Claim 1
wherein said charging means includes a first
group of switch means connected to each of
said plurality of capacitive elements for con-
necting said plurality of capacitive elements in
series between said voltage source voltage
and a ground terminal, wherein said positive
voltage generating means includes a second
group of switch means connected to each of
said first predetermined number of capacitive
elements for connecting said first predeter-
mined number of capacitive elements in par-
allel to each other in such a manner that a
positive side of said first predetermined num-
ber of capacitive elements is connected to a
positive voltage output terminal, and wherein
said negative voltage generating means in-
cludes a third group of switching means con-
nected to each of said second predetermined
number of capacitive elements for connecting
said second predetermined number of capaci-
tive elements in parallel to each other in such
a manner that a negative side of said second
predetermined number of capacitive elements
is connected to a negative voltage output ter-
minal.

A voltage converting circuit claimed in Claim 6
wherein said switching means are formed of
CMOS transistors, and respective gates of the
fransistors are driven with first, second and
third timing signals having different phases.
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A voltage converting circuit claimed in Claim 7
further including a 3-phase clock generating
circuit which includes a 2-phase clock generat-
ing circuit composed of a CMOS level shift
circuit having a predetermined delay time and
receiving a input clock and generating a non-
inverted output clock and an inverted output
clock of different phases, the one of said non-
inverted output clock and said inverted output
clock constituting said first timing signal, a 1/2
frequency dividing circuit receiving the other of
said non-inverted output clock and said in-
verted output clock for generating a non-in-
verted signal and an inverted signal, a first
AND gate receiving said non-inverted signal
and the other of said non-inverted output clock
and said inverted output clock for generating
said second timing signal, and a second AND
gate receiving said inverted signal and the
other of said non-inverted output clock and
said inverted output clock for generating said
third timing signal.

A multiphase clock generating circuit including
a 2-phase clock generating circuit composed
of a CMOS level shift circuit having a predeter-
mined delay time and receiving a input clock
and generating a non-inverted output clock and
an inverted output clock of different phases,
and pulse selection means receiving one of
said non-inverted output clock and said in-
verted output clock and generating a plurality
of output signals which have a phase different
from each other and which has a frequency
obtained by dividing the frequency of the re-
ceived clock by the number of said output
signals, the other of said non-inverted output
clock and said inverted output clock being
outputted as one output signal.

A multiphase clock generating circuit claimed
in Claim 9 wherein the other of said non-
inverted output clock and said inverted output
clock is outputted as a first output signal, and
said pulse selection means including a 1/2
frequency dividing circuit receiving said one of
said non-inverted output clock and said in-
verted output clock for generating a non-in-
verted signal and an inverted signal, a first
AND gate receiving said non-inverted signal
and said one of said non-inverted output clock
and said inverted output clock for generating a
second output signal, and a second AND gate
receiving said inverted signal and said one of
said non-inverted output clock and said in-
verted output clock for generating a third out-
put signal.
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